Introduction
During the Early to Middle Miocene the Dinaride mountain chain harbored a series of intramontane lakes, collectively termed the Dinaride Lake System (DLS; Figs 1A-B; Krstić et al. 2003; Harzhauser & Mandic 2008) . These tectonically isolated lakes experienced an outstanding endemic evolution of freshwater mollusks. Harzhauser & Mandic (2008 described the DLS fauna as entity and counted 110 gastropod and 35 bivalve species. New investigations by Mandic et al. (2009 and De Leeuw et al. (2010 suggest that the various basins of the DLS have to be considered as separate units with different geodynamic, stratigraphic, and paleoenvironmental histories. Consequently, new analyses of the various mollusk assemblages revealed major differences between single basin faunas . Only during short phases hydrological connection between selected basins might have persisted to allow temporary faunal exchange. This combination of enduring isolation driving endemic evolution and short-term invasions lead to complex distribution patterns and extensive diversifications, which are hard to decipher in taxonomic terms.
Neumayr (1880) and provided the first taxonomic papers on the mollusk fauna of the Gacko Basin. These authors partly provided descriptions and illustrations of few taxa, but never established a concise taxonomic frame of the whole basin fauna. distinguished between several mollusk units based on rough faunal differences. compiled a faunal synopsis for the lower parts of the basin infill based on drill cores. However, a complete survey of the fauna from Lake Gacko with taxonomic descriptions is still completely missing. briefly documented the mollusk distribution and provided a first paleoecological interpretation. By integration of more samples and by application of a statistical analysis these results will be herein tested and modified.
Geological setting
During the Middle Miocene, the Dinaride-Anatolian Island acted as a major paleogeographic barrier between the Paratethys and the proto-Mediterranean seas (Fig. 1A) . The western part of that land mass comprised a large-scale freshwater lacustrine environment, termed the Dinaride Lake System. Today, its deposits represent sedimentary infills of numerous intramontane basins distributed throughout the Dinaride Alps and attaining thicknesses of more than 2000 m (Hrvatović 2006; Fig. 1B) .
The Gacko Basin in southern Bosnia and Herzegovina represents one of those basins (Mojićević & Lauše-vić 1965; Mirković et al. 1974 ; Fig. 1C ). The architecture of its about 360 meters thick sedimentary succession can be interpreted as a single lacustrine transgression-regression mega-cycle (Milojević , 1976 . The sedimentation started with detrital deposits representing the initial flooding of the basin. The subsequent coal building phase marks the installation of swamp conditions, passing upwards into limestones originating from hard-water freshwater lake deposition. Subsequently, dropping water levels triggered again swamp and mire conditions in the terminal phase of Lake Gacko.
Basin history and depositional setting have been currently studied at Gračanica WNW of Gacko by . Additionally, a small outcrop ( 1 m thickness) was included from the abandoned Vrbica opencast coal-mine NW of Avtovac, representing the boundary interval of the uppermost main coal unit and the lowermost Mytilopsis unit, respectively (Figs 1C, 2) . The huge outcrop at the Gračanica opencast coal-mine provided an excellent insight into the lake deposition on the basin's paleo-margin. Results from integrated Ar/Ar geochronology and magnetostratigraphy fixed the age of the lacustrine deposition into the Langhian, implying its relation with the Middle Miocene Climatic Neubauer, T. A. et al.: Middle Miocene freshwater mollusks from Lake Gacko 78 3 Figure 1 . Geography and geological setting of the studied localities in the Gacko Basin. A. Paleogeographical map of the Dinaride-Anatolian Island during the Langhian (after Raegl 1998 and Piller 2007) ; B. Distribution of DLS deposits and geographic position of Lake Gacko; C. Geological map of the Gacko Basin with indication of the studied sections Gračanica and Vrbica. Numbers and column refer to the general lithostratigraphic division of the Miocene deposits in the Gacko Basin as established by Milojević ( , 1976 and .
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Optimum . Furthermore, results from sediment petrography, geophysical logging and mollusk paleoecology indicated vivid changes of the regional water budget . Indeed, the cyclostratigraphic analysis revealed the presence of two first order and seven second order transgression-regression cycles (Fig. 2 , right column). These were orbitally tuned to 400 kyr and 100 kyr eccentricity cycles resulting in an accurate age model for its depositional duration from 15.8 to 15.2 Ma. The lake level highstands were thereby related to eccentricity maxima, accompanied by environmental eutrophication events in consequence to enhanced denudation and terrestrial input into the basin. Dry climate intervals were related to 400 kyr eccentricity minima. In the lower part of the succession they resulted in iterative swamp forest extension reflected by vast lignite accumulations. In the upper part they formed pedogenic and palustrine carbonate accumulations, distributed across the basin's margin.
Material and methods
For this study 17 samples from three different sites were investigated: 10 from the Gračanica mine, 4 from the Vrbica section, and 3 from drill cores (near Gacko, exact locality unknown; provided by S. Ć orić, Geological Survey Vienna, and stored in the collection of the NHMW) (Fig. 1C) . The samples were dissolved with diluted hydrogen peroxide and washed through a set of sieves (1 mm, 250 mm, 125 mm, 63 mm). Mollusks were counted from the 1 mm fraction only, yielding a total individual number of 1,077 specimens. In addition, a high number of specimens was obtained from smaller fractions comprising mostly juvenile stages and spire fragments. In most cases, these could not be determined on the species level. As some taxa (e.g. planorbids, lymnaeids) are prone to fragmentation because of their thin shell walls, they might be underrepresented in the larger fractions. Some taxa are exclusively found in smaller fractions (< 1 mm) or in debris collections and thus do not appear in the quantified record (Fig. 3) .
The statistical analysis was compiled using Primer 6.1.10 (Clarke & Warwick 2001) . The data set with percentage values was square root transformed to limit the contribution of over-represented taxa. Based on the Bray-Curtis distance measure an average group cluster analysis ( Fig. 4A ) and a non-metric multidimensional scaling (nMDS; Fig. 4B ) with minimum stress of 0.01 were generated. For the resulting groups factors were defined for a Simper analysis (Tab. 1) to outline which taxa were contributing to similarities and dissimilarities, respectively. Diversity indices were calculated using Past 2.06 (Hammer et al. 2001) . Samples with 25 individuals or those from debris collections or drill cores (imprecise stratigraphic correlation) were excluded.
Faunal composition and paleobiogeography
The investigation yielded a total of 13 gastropod (13 genera) and 6 bivalve species (3 genera). These are Melanopsis lyrata Neumayr, 1869 (Fig. 5) , Bithynia jurinaci Brusina, 1884 (Fig. 6) , Fossarulus moniliferus Brusina, 1876 (Fig. 6) , Prososthenia neutra Brusina, 1897 ( Fig. 7) , Bania valvatoides (Fig. 8) , Galba sp. (Fig. 9 ), Radix korlevici (Fig. 9 ), Gyraulus pulici (Fig. 10) , Orygoceras dentaliforme Brusina, 1882 ( Fig. 10) , Planorbarius sp. (Fig. 11) , Ferrissia illyrica (Fig. 11) , Carychium sp. (Fig. 12) , Vertigo sp. (Fig. 12) , Mytilopsis frici (Fig. 13) , Mytilopsis jadrovi (Fig. 14) , Mytilopsis sp. (Fig. 14) , Pisidium bellardii Brusina, 1884 (Fig. 14) , Pisidium vukovici n. sp. (Fig. 14) , Unio rackianus Brusina, 1874 (Fig. 15) . Two further species 
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museum-fossilrecord.wiley-vch.de likely to have occurred during the several transgression maxima in the history of the Gacko Basin . This is emphasized by the appearance of several taxa only within certain units (e.g. Bithynia jurinaci, Orygoceras dentaliforme, Mytilopsis jadrovi, Unio rackianus). However, a unit-related trend, meaning higher percentages of invaders in specific intervals, could not be detected.
Results of the statistical analysis
The distribution of samples within the succession is heterogeneous. The statistically analyzable samples were confined to three section intervals: 3.5-6.0 m (Unit A; 5 samples), 33.0-34.0 m (transition between units C/D1; 3 samples), and 39.5 m (transition between units D1/D2; 2 samples). In between, only few samples were taken because of the generally poor preservation. Samples were either too small for a significant quantification or were collected from debris.
The stratigraphic grouping of the samples is reflected in the faunal contents as proven by the statistical analysis (Figs 3, 4 ). The cluster analysis shows two main groupings at a similarity level of 60 %, which correspond to the two lower intervals termed as Fossarulusand Melanopsis-assemblages in and . Group 1, with 71.7 % average similarity, is dominated by Gyraulus pulici, followed by Bania valvatoides and Fossarulus moniliferus. Group 2 is largely defined by Prososthenia neutra, Fossarulus moniliferus and Melanopsis lyrata, with an average similarity of 70.1 % (Tab. 1). These obvious faunal differences are proven by an average dissimilarity between the two groups of 53.6 %.
In more detail, each of the two groups can be split into two clusters as suggested by the cluster analysis (at a 75 %-similarity level; Figs 3, 4) . Samples from Cluster 1 (Unit A) are clearly dominated by pulmonate and rissooid gastropods ( Fig. 3 ; Tab. 1), namely Gyraulus pulici, Bania valvatoides and Fossarulus moniliferus. This cluster, with an average similarity of 81.7 %, is de- fined by these 3 taxa only. Cluster 2 (also Unit A), with a comparable average similarity of 81.3 %, is defined by Bania valvatoides, Gyraulus pulici, Radix korlevici, Fossarulus moniliferus and Prososthenia neutra, accounting for 92.8 %. In addition, Unio rackianus (only record in the section), Pisidium bellardii and P. vukovici n. sp. appear. While the differences between the two groups are distinct, deviations between clusters within the groups are in both cases comparably low. Clusters 1 and 2 show an average dissimilarity of 34.8 %, resulting from slightly varied values for Gyraulus pulici, Radix korlevici and Bania valvatoides, and the presence of Prososthenia neutra and Unio rackianus in Cluster 2.
The following 25 meters of limestone-coal interbeddings were inadequate for an analysis. Few findings of Fossarulus moniliferus, Galba sp., Gyraulus pulici and Ferrissia illyrica are reported from sample 0907/Moll3 (Unit B1). This is the only occurrence of the lymnaeid Galba within the whole section. Samples Gacko 1 and Gacko 2 from roughly correlated drill cores (Unit B2; Cluster 3 from the transition of units C/D1 with correlated samples from the Vrbica section yielded three analyzable samples (Fig. 2) . This cluster has an average similarity of 79.2 %. The most abundant taxa are Fossarulus moniliferus and Prososthenia neutra followed by Radix korlevici, Melanopsis lyrata, Ferrissia illyrica and Gyraulus pulici. These 6 taxa contribute with 91.5 % to the average similarity. Additional taxa are Bithynia jurinaci (from debris only), the planorbids Planorbarius sp. and Orygoceras dentaliforme, the terrestrial mollusks Carychium sp. and Vertigo sp., and the dreissenid Mytilopsis sp. Sample 0708/GA14 at the top of Unit D1, too small to be analyzed, yielded abundant Bithynia opercula (68.0 %) and Ferrissia illyrica (28.0 %), followed by Gyraulus pulici (4.0 %). This composition changes rapidly c. 1 m above. The transition of units D1/D2 (Cluster 4) with two samples is defined by 6 species accounting for 90.7 % (Melanopsis lyrata, Prososthenia neutra, Bania valvatoides, Gyraulus pulici, Fossarulus moniliferus and Mytilopsis jadrovi). This is the only occurrence of the dreissenid bivalve Mytilopsis jadrovi. The unity of both samples is confirmed in the analysis by 83.6 % average similarity. Reduced dissimilarity between clusters 3 and 4 (36.8 %) is rooted in similar abundance values for Fossarulus moniliferus and Melanopsis lyrata. The main differences concern the presence of Ferrissia illyrica in Cluster 3 and higher percentage value of Bania valvatoides in Cluster 4. Interestingly, the dissimilarity levels between clusters 1 and 4 (51.0 %) and 2 and 4 (42.0 %), respectively, is lower than that between clusters 1 and 3 (66.6 %) and 2 and 3 (53.8 %). In both cases, this can be explained by the recurrence especially of Gyraulus pulici and Bania valvatoides in Cluster 4. The major dissimilarity is based on values for Melanopsis lyrata and Prososthenia neutra, which are less common or absent in clusters 1 and 2.
The top of Unit D2 is marked by monospecific accumulations of Mytilopsis frici . The last sample from Unit E1 did not provide enough material for the analysis. It contains few individuals of Fossarulus moniliferus, Bania valvatoides, Radix korlevici and Planorbarius sp. Upsection (units E2 and F), fossils are poorly preserved, mostly as molds. Mollusk diversity is comparatively low; all detected specimens belong to Fossarulus moniliferus and Radix korlevici.
Mollusk paleoecology and paleoenvironment
This investigation, which provides the first statistical analysis of the mollusk fauna, allows a refinement of the interpretation by and . From the analysis two main groups are evident, referred to as Fossarulus-assemblage and Melanopsis-assemblage in literature Fig. 2) . The third group, again a Fossarulus-assemblage according to , yielded only few and small samples and does not appear in our analysis. These assemblages, however, are not defined by the frequent occurrence of their eponymous taxa , NHMW 2011/0138/0158, sample 0804/039; B, E. Gyraulus pulici , NHMW 2011/0138/0159, sample 090713/2; C. Gyraulus pulici , NHMW 2011/0138/0160, sample 0907/ Moll4A; D. Orygoceras dentaliforme Brusina, 1882, NHMW 2011/0138/0161, sample 0804/039. Scale bars equal 1 mm.
( Fig. 3 ; Tab. 1). The Fossarulus-assemblage is dominated by the planorbid Gyraulus pulici, followed by the hydrobiid Bania valvatoides. Likewise, the Melanopsisassemblage is characterized by frequent Prososthenia neutra and Fossarulus moniliferus rather than by Melanopsis lyrata itself. Nevertheless, the grouping into three assemblages remains valid based on the largely deviating faunal compositions (Tab. 1).
The high abundances of the pulmonates Gyraulus and Radix in the first interval (Unit A, clusters 1 and 2) argue for a low-energy shallow water environment with dense vegetation (Glaeer 2002) . Fossarulus, which appears throughout the whole section, is thought to be a pioneer taxon . In Lake Sinj representatives of this fossil genus are found exclusively in rather calm, shallow water settings, dominated by hydrobiids . In Lake Gacko it is, in turn, relatively abundant in nearshore as well as distal environments and thus is regarded to be a euryoecious taxon. The ecology of the fossil genus Bania is completely unknown. As its occurrence is often bound to the presence of Gyraulus, its requirements concerning water quality and vegetation might be comparable. Figure 11 . A-C. Planorbarius sp., apical side, NHMW 2011/0138/0163, sample 0804/039 coal; D-E. Planorbarius sp., apical side, NHMW 2011/0138/0164, sample 0804/039b; F. Planorbarius sp., umbilical side, NHMW 2011/0138/0165, sample 0804/ 039b; G, I. Ferrissia illyrica , NHMW 2011/0138/0166, sample 0804/039b; H, J-K. Ferrissia illyrica , NHMW 2011/0138/0167, sample 0804/039. Scale bars equal 1 mm.
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The dominance of pulmonates indicates that these conditions persisted up to Unit B. , however, report massive accumulation of Fossarulus within limestone intervals of Unit B1 in drill cores, where this unit attains about 40 m. The corresponding section interval in the Gračanica mine pit measures only 2.5 m . This discrepancy is explained by the highly varying sediment infill in the Gacko Basin, depending on the position in the lake: the marl units in Unit B are massive in the basin center and thin out towards the basin margins . A better correlation between both sites becomes apparent in the following Unit B2 with abundant pulmonates in both localities.
The second interval (Cluster 3) is marked by the first occurrence of Melanopsis, with smooth to weakly sculptured morphotypes, and the conspicuous increase of Prososthenia and Fossarulus, while pulmonates decline. Species diversity increased significantly with 14 taxa, although most of them are represented by only few individuals. In contrast, 10 species were detected in the first interval. Today, Melanopsis is known to be a generalist. It occurs in freshwater rivers, ponds, springs, shallow lakes with inundated marshes, mud and gravel shores of estuaries, and oases, tolerating high temperatures and brackish conditions Plaziat & Younis 2005; Bandel et al. 2007) . As the hydrobiid Prososthe- museum-fossilrecord.wiley-vch.de nia is a fossil genus, few data on its ecologic requirements exist. Common interpretations assign it to shallow freshwater lakes and ponds with low-energy regimes (Esu & Girotti 2001; Harzhauser et al. 2012a; . Gyraulus and Radix are still present, also indicating shallow, low-energy settings. Additional pulmonate species are documented including Ferrissia and scarce Orygoceras and Planorbarius. Extant European Ferrissia wautieri is found in lentic to stagnant waters dwelling among leaves and twigs and is basically undemanding regarding water quality. Planorbarius corneus lives today in highly vegetated, standing or slowly running water bodies feeding exclusively on detritus (Glaeer 2002) . Herein, also the only record of the terrestrial mollusks Carychium and Vertigo is documented signaling a short distance to the waterside.
At the top of Unit D1 the faunal content is strongly deviating from earlier/later intervals. The sample (not in analysis) consists of 3 taxa only, highly dominated by Bithynia and Ferrissia. Extant Bithynia tentaculata is a very adaptive and undemanding r-strategist living in stagnant and moderately running waters on detritusrich substrates (Glaeer 2002) . Hence, this extremely low diverse composition featuring almost exclusively highly adaptive and generally low competitive species suggests a restricted environment with adverse conditions.
In contrast, only c. 1 m above the second part of the Melanopsis-assemblage (Cluster 4) is characterized by a well-balanced faunal composition with about uniform distribution of abundances. Melanopsis, Prososthenia, Fossarulus, Bania, and Gyraulus all attain similar percentage values reflecting the recovering of the fauna from the preceding crisis. This is also documented by the increased morphological variability in Melanopsis; for the first time, it develops all five morphotypes, which are considered in detail in the systematic chapter. This genus is known for its morphologically highly variable species. Often, distinct morphologies are bound to certain environmental conditions. Heller & Sivan (2002) showed strong correlation of morphotypes with flow current in Pleistocene melanopsids of the Jordan Valley. Smooth and slender forms represent agitated environments, dwelling within or in the proximity of rivers. Sculptured shells, in contrast, reflect non-turbulent habitats. Comparably, the occurrence of sculptured morphotypes in Lake Gacko coincides with the establishment of perennial open-lake conditions (Mandic et al. 2011). Consequently, the low-energy conditions might have promoted adaptive evolution towards sculptured forms.
The following Unit D2 comprises grayish limestones signaling partial suboxic bottom conditions . Coinciding with the lake-level fall and a rising oxygen level at the top of the unit a monospecific accumulation of Mytilopsis frici occurs. This pattern is similar to developments in Lake Sinj, where the massive limestone intervals, largely barren of gastropods, show abundant Mytilopsis aletici. Both taxa are interpreted to have settled in deeper, low-energy settings (Mandic et al. 2009; .
Upsection, at the base of Unit E1, the diverse fauna disappears (base of the second Fossarulus-assemblage). The few and poorly preserved fossils could not be analyzed statistically, but show a return to initial compositions featuring abundant pulmonates and Fossarulus. This situation persists up to the section top.
The apparent shifts in the faunal composition, regarding occurring taxa as well as species richness, are especially evident in the nMDS (Fig. 4B) where the pulmonate/rissooid-dominated Fossarulus-assemblage and the Melanopsis-assemblage with abundant Prososthenia and Fossarulus group in separate fields. The vertical axis in the plot is thought to reflect ecological conditions. The faunal compositions of the two assemblages/groups show an ongoing trend to higher diversities and uniform distributions of abundances. The low diverse pulmonate-assemblage (G1) points to ephemeral conditions with a lentic to stagnant water body and densely vegetated watersides. The following higher diverse assemblage (G2), with taxa having broader ecological requirements, reflects the establishment of a perennial system with stable open-lake conditions and habitat diversification along the shoreface. In between, local crises occurred for short episodes, as proven by the Bithynia-Ferrissia complex in Unit D1. The third assemblage, not part of the statistical analysis, with a composition similar to the initial phase, again indicates a retreat of the lake and the return to ephemeral conditions at the lake margins. Taxa requiring stable waterbodies like Melanopsis and Prososthenia are completely missing.
The x-axis in the plot is interpreted to mirror species richness. It correlates particularly well with the Margalef richness index (Tab. 1), computed as species richness increasing with the natural logarithm of sample size (Margalef 1958) . Samples grouping to the left consist of few taxa, while samples on the right have a higher number of taxa at comparable sample size. Thus, the probability that a sample yields higher species richness at higher sample size (the "expected species richness") increases towards the right. This, in turn, fits to the interpretation above, as ephemeral habitats are expected to house few but abundant taxa, while perennial systems usually attain distinctly higher species richnesses.
Conclusions
During the Middle Miocene Climatic Optimum Lake Gacko harbored at least 17 aquatic mollusk species. Within the lake, long-term climatic oscillations are excellently reflected in changing faunal compositions, which are proven herein for the first time by means of statistical analyses. The initial as well as the final phase both signal a more arid climate resulting in a lowered lake level. At that time, assemblages typically are low diverse and consist of abundant pulmonate and rissooid gastropods. The intermediate lake high stand coincided with a more humid interval with enhanced precipitation. The mollusk fauna diversified and rissooid and melanopsid gastropods flourished, while pulmonates were only marginally present. This interpretation agrees with data of , who provided a more detailed classification into distinct transgression-regression cycles based on sedimentary facies and geophysical data.
All species are endemic to the DLS, two of them occur in Lake Gacko only. Also, the fauna shows variable overlap with those of other DLS lakes. This suggests that the DLS comprised a mosaic of lakes, each with a distinct species inventory with moderate overlap with neighboring lakes.
Systematic paleontology
Type material of Neumayr (1869 , Brusina ( , 1902 and Kochansky-Devid & SliÉko-vić (1978) stored in the Natural History Museum Zagreb (NHMZ), the Natural History Museum Sarajevo (NHMS) and the Geological Survey Vienna (GBA), and material from the collection of the Natural History Museum Vienna (NHMW) have been studied. Material from the present study is stored in the NHMW under the prefix 2011/0138. For further synonyms see , Wenz (1923 Wenz ( -1930 and . Only the description for the new species is available in the print version of this paper, others appear as supplementary material. Material. 6 single valves from samples 090713/1 (1 LV, 2 RV) and 090713/2 (2 LV, 1 RV) of the type horizon.
Type locality. Open-cast coal-mine "Gračanica" near Gacko, Minepit B.
Type horizon. Unit A of the Section Gračanica in , footwall coal II lithostratigraphic unit of the Gacko Basin, Langhian, Middle Miocene (~15.83 Ma).
Diagnosis. Shell subtrigonal. Hinge plate massive; prominent lateral teeth.
Description. Subtriangular shell with regularly semicircular dorsal margin. Umbo low and broad, measuring 750 mm. In lateral view, shell roughly semilunar. Outer surface covered with faint, regular growth lines. Hinge plate prominent and broad. Ligament pit short and lanceolate. Cardinals subcentral, oblique, dipping anteriorly; C 2 broadened, blunt; C 3 prominent, crescent, convex-up, sharp, surrounded by two shallow cavities; C 4 sharp and straightened. Laterals prominent and long with bulbous, sharp cusps. On right valve anterior teeth massive, forming distinct emargination; posterior teeth somewhat weaker. In both cases inner teeth stronger than outer ones.
Remarks. This taxon can be clearly distinguished from Pisidium bellardii Brusina, 1884 by its subtrigonal shell shape and very prominent hinge plate. P. hybonatum Brusina, 1897 is somewhat broader in outline and has a less prominent hinge plate. This species, originally described from Pliocene deposits of the southern Pannonian Basin, was additionally reported by from the close-by Bihać Basin. Shells from the possibly coeval Austrian Aflenz Basin, determined as Pisidium cf. casertanum Poli, 1791 by Harzhauser et al. (2012b) , are broader and expose a narrower, delicate hinge plate. Likewise, P. amnicum (Mçller, 1774) (= P. priscum Haernes, 1862; non Eichwald, 1830) from the Middle to Late Miocene of the Central and Eastern Paratethys and the Upper Freshwater Molasse is broader and has narrower and less distinct lateral teeth (cf. . The about coeval P. bakonyensis KÕkay, 2006 from Hungary is quite similar in shape but exposes an elevated umbo and smaller lateral teeth. In shape and hinge characteristics it is similar to the Recent P. supinum Schmidt, 1851, but does not develop such a high umbo with the typical fold. Extant P. tenuilineatum Stelfox, 1918 has stronger posterior teeth and a transversally oriented C 3. 
Type material of Neumayr (1869 and Brusina ( , 1902 stored in the Natural History Museum Zagreb (NHMZ), the Natural History Museum Sarajevo (NHMS) and the Geological Survey Vienna (GBA), and material from the collection of the Natural History Museum Vienna (NHMW) have been studied. Material from the present study is stored in the NHMW under the prefix 2011/0138. For further synonyms see , Wenz (1923 Wenz ( -1930 and Description. Slender to rather bulky conical shell with smooth protoconch, measuring around 1 whorl. Usually up to 15 mm in height and 6 mm in width; occasionally forms occur with height > 20 mm. Shape highly variable, ranging from broad and rather sturdy forms with inflated last whorl and coeloconoid outline up to highly slender ones with straight outline. Shell with 8-9 whorls that are moderately convex to straight-sided. Last whorl attaining somewhat more than half of shell height. Aperture rather narrow, exposing short siphonal canal. In broad morphotypes weak callus pad and/or columellar swelling may be developed. Coloring preserved in some individuals in the form of yellow/brownish-white chess or zigzag pattern. Morphotypes also differing in sculpture. Early teleoconch always entirely smooth. On last 1-2 whorls sculpture may occur in the form of weak to distinct axial ribs and/or two rows of nodes below upper suture. In most specimens from Vrbica lower row stronger expressed (Fig. 5G ). Nodes forming well-rounded knobs or sometimes produce rather distinct spikes. Expression of ribs and nodes may vary even on same individual. Thus, a classification into discrete morphotypes is difficult. Five forms can be roughly distinguished: smooth (morphotype A; not illustrated); intentions of ribs on last whorl (morphotype B; Figs Remarks. The variability of Melanopsis lyrata was shown by Olujić (1999) , , and Neubauer et al. (2011) . The specimens found in Vrbica with distinct ribs and nodes (morphotype E) correspond to the Lake Sinj costata-morphotype in Olujić (1999) and morph C in , respectively. However, the prominence of the nodes in the lower row is uncommon in Lake Sinj morphotypes. Those recorded from Gračanica mine ( Fig. 5A-E Description. Conical shell with 4-4.5 moderately to strongly convex whorls and maximum height of 9.5 mm. Protoconch smooth, strongly immersed, with less than 1 whorl, grading continuously into teleoconch; measures 650-700 µm. Depending on highly variable sculpture three morphotypes can be distinguished: smooth (morphotype A); keeled (B); another form with nodes on the keels (C). Especially between morphs A and B transitions are observed in the form of faint keels (Fig. 6B ). If present, 3 keels are usually expressed; on convex base additional weak subjacent keels may emerge. Short sutural ramp developed above upper keel. Aperture ovoid with typical posterior notch on inner lip. Sometimes posterior canal developed. Outer lip thickened and occasionally everted; in profile exposing posterior and wide anterior emarginations.
Remarks. Within the DLS a great number of Fossarulus species and subspecies were introduced. The conspicuous morphological overlap of several of these taxa suggests that several of the taxa are superfluous. All forms mentioned in the synonymy list correspond largely regarding shape, size and whorl convexity but display some variability concerning sculpture. Description. Small, shiny and bulky shell with up to 4 whorls. Protoconch consisting of 1.1 whorls; initially covered with mesh of densely arranged wrinkles, fading out towards transition to teleoconch and forming pattern of irregular spiral threads. Spire shape variable, ranging from broad and bulky to more slender and drop-shaped in some cases. Whorls strongly convex with moderately incised sutures, usually exposing a bluntly step-like profile. Last whorl attaining up to 80% of total height. Aperture elliptical to ovoid, only touching base of preceding whorl in its posterior part, forming fairly wide umbilicus. In lateral view, outer lip slightly protruding below umbilicus, forming broad basal emargination. Peristome sharply edged in earlier ontogeny; becomes distinctly everted and sometimes slightly thickened in latest stages. Opercular ridge developed in fully-grown specimens, ranging from weak riblet to strong varix-like structure (as in type material). Distinct prosocline growth lines and faint spiral grooves covering whorl surface.
Remarks. The morphological variability of this species is enormous. Shell shape ranges from low valvatoid, as is the case for the (lost) holotype and the syntypes, to higher coiled, drop-shaped forms, including all kind of intermediates. Likewise, the expression of the opercular ridge and the thickening of the peristome vary greatly, partly depending on ontogenetic stage. Concerning shell shape, this species is similar to 'Lithoglyphus' tripaloi Brusina, 1884 (Bania tripaloi after Neubauer et al. 2012) . This form has less convex whorls and no stepped spire, lacks the apertural thickening, the opercular ridge and the basal emargination. Some specimens from units A and D, erroneously determined as Bania prototypica by Mandic et al. (2011: fig. 5.14) , fully correspond to the present description of B. valvatoides. B. prototypica, as well as 'Amnicola' torbariana and 'Amnicola' stosiciana , differ from B. valvatoides in the higher spire and the more distinctly stepped whorl outline with highly incised sutures. All forms share the characteristic protoconch sculpture and are therefore assigned to the genus Bania . The subspecies B. stosiciana crassa Brusina, 1897, originally described from Gacko, fully corresponds to the slender specimens studied here and is thus considered synonymous. identified specimens from drill cores as "Pseudoamnicola (Staja) šoštarićiana Brusina, 1874". With regard to the denoted authority, this attribution obviously is a wrong spelling of Pseudamnicola [= Bania] stosiciana . The specimens fully match with the present description. Detailed discussions of this genus and attended nomenclatorial problems as well as its phylogenetic relations are provided by Kadolsky (1993 Kadolsky ( , 1998 and Neubauer et al. (2012) .
Occurrence. Gacko Basin (Vrbica, Gračanica). Sinj Basin (Ruduša in Sinj), Drniš Basin (Miočić) Whorls well rounded to stepped, slowly increasing in dimensions; separated by deep sutures. Last whorl large, but not inflated. Aperture narrow, egg-shaped, with posterior angulation. Columella fairly straight and everted over the slit-like umbilicus (compiled from Zilch 1959 Zilch -1960 Neubert 1998 ).
Galba sp. Figure 9C Material. 3 spire fragments from sample 0907/Moll3. Description. Glossy, smooth, thin-walled and slender shell with blunt apex and 4 whorls. Precise measurements cannot be performed as the largest specimens were fragmented; estimated height: 15-20 mm. Protoconch smooth with indistinct transition to teleoconch. Whorls moderately convex. Last whorl (including aperture) attaining c. 85% of total shell height. Aperture ovoid, slightly everted and posteriorly elongated. Inner lip thin and attached to base of preceding whorl, leaving no umbilicus; columella rarely with weak fold. Weak prosocline growth lines covering surface.
Remarks. The generic affiliation is based on the wide and elongated aperture. 'Lymnaea' hyaloleuca Brusina, 1902 is represented by two syntypes, which slightly deviate in the relative size of the last whorl. While the first one is slightly broader and exposes an angle next to the umbilicus, the second one (Brusina 1902: pl. 1, figs 38-39) fully corresponds to the holotype of Radix korlevici. In respect to intraspecific variability both forms are regarded as synonyms of Radix korlevici . Lymnaea klaici Brusina, 1884 from Miočić is much larger and more slender. misidentified this species and even attributed some fragmented apices to the terrestrial gastropod Succinea. Occurrence. Gacko Basin (Vrbica, Gračanica). Drniš Basin (Miočić) (Brusina , 1902 Description. Broad planorbid shell with up to 3 whorls. Protoconch consisting of c. 0.7 whorls bearing 7 spiral striae that fade out after about half a whorl. Transition to teleoconch marked by initiation of growth lines, which are quite prominent in some specimens. Whorls overgrowing up to 50% of preceding ones and attaining up to more than double height. Last whorl making up c. 40% of shell diameter. No point of maximum convexity in early ontogeny; in later stages sometimes stronger convexity emerging in lower half resulting in roughly trapezoid outline. Peristome sharply edged and with c. 30° inclined to the axis.
Remarks. Gyraulus geminus and G. dalmaticus from Sinj and Drniš basins both are flatter with a more distinct angulation in lateral view. The smaller Gyraulus nedici (Brusina, 1902) from Dugo Selo (Glina subdepression, southern Pannonian Basin) has more convex whorls with a fairly equilateral profile. The likewise small Gyraulus oncostomus (Brusina, 1902) from Dugo Selo has a more distinctly angled profile with a deltoid shaped aperture and is relatively broader. Some fragments of earliest whorls were erroneously identified as Segmentina sp. by .
Occurrence. Endemic to the Gacko Basin (Vrbica, Gračanica) Brusina , 1902 .
Orygoceras dentaliforme Brusina, 1882 Figure 10D 1882 Orygoceras dentaliforme Brusina, p. 42, pl. 11, figs 9-15. 2011 Orygoceras dentaliforme. Description. Shell uncoiled and dentaliform. Protoconch consisting of about half a whorl bearing faint striae. Teleoconch mainly smooth apart from fine growth lines. In some specimens distinct rings may occur in various ontogenetic stages. Shell elliptical to semilunar in cross-section. Aperture not preserved in any specimen.
Remarks. The development of sculpture is assumed to range within intraspecific variability as no clear separation of distinct morphotype-groups can be performed. Discussion on the validity of the many species introduced by Brusina ( , 1902 is provided by Neubauer et al. (2012) .
Occurrence. Gacko Basin (Vrbica, Gračanica). Sinj Basin (Ribarić N Maljkovo, Lučane W Sinj, Župića potok in Sinj, Trnovača), Drniš Basin (Miočić, Parčić), Kupres Basin (Fatelj), Džepi Basin, southern Pannonian Basin (Dugo Selo / Lasinja) Neubauer et al. 2012 ).
Planorbarius Duméril, 1806
Type species. Helix cornea Linnaeus, 1758, Recent, Europe; by subsequent designation (Froriep 1806) . Diagnosis. Shell moderately to very large, thick-shelled, disciform. Shell on both sides immersed, more on apical side. Whorls high, evenly rounded, increasing regularly in diameter, covered with growth lines and spiral striae. Aperture round or elliptical, basal margin protruding (compiled from Zilch 1959 Zilch -1960 .
Planorbarius sp. Figures 11A-F 2011 Planorbarius sp. fig. 5 .12.
Material. 5 spire fragments from samples 0804/039b, 0907/Moll4 and 0703/024; additional fragments < 1 mm found in 0804/039 coal. Description. Spire completely immersed with highly convex initial whorls and strongly incised sutures. Protoconch consisting of c. 1 whorl and measuring 550 µm. Initial cap making up c. 50 µm; covered with short and faint irregular threads. Termination indicated by onset of spiral rows of distinct circular pits (c. 5 µm). Between them fragile irregular ridges may be formed in axial direction. Onset of teleoconch indicated by formation of growth lines. Whorls exposing distinct shoulder to moderately curved flank. Strong irregularly shaped, spiral grooves covering whole teleoconch surface. They are confined to bundles of 4-5 grooves each, separated by slightly raised smooth bands (Fig. 11F ). Where they cross more pronounced growth lines a weakly undulated pattern is formed. Aperture only marginally preserved; seemingly not conspicuously thickened or everted.
Remarks. The identification of the fragments is based on the characteristic protoconch features and the spiral teleoconch sculpture, which are typical elements for Planorbarius. A determination on species level is not possible from the available material.
Subfamily Ancylinae Rafinesque, 1815 Description. Small and narrow ancylid shell with broadest diameter anterior. Largest specimen found attaining 6 mm in length, 3.5 mm in width and 2 mm in height. Apex round and blunt, slightly inclined to the right, measuring c. 400 µm. Initial part attaining about half of total protoconch diameter, smooth with small, circular and shallow pit in its center. It is surrounded by a collar-like array of thin radial threads, which are terminated distally by a distinct rim. Growth lines already starting during this interval and forming more or less strong concentrical rings. Inner surface covered with highly granular pattern in early ontogeny that gradually fades out towards shell margins. In some specimens radial threads may occur in late ontogeny, but only on the inner surface.
Remarks. The lack of radial ribs on the outer teleoconch surface separates this species from Ferrissia wittmanni (Schlickum, 1964) from the Early Miocene of the Western Paratethys (Kowalke & Reichenbacher 2005) . Ferrissia crenellata Harzhauser & Neubauer in Harzhauser et al., 2012 from the Aflenz Basin (Austria) has a smaller protoconch and a typical pinnacle-like sculpture on the radial threads, which reach almost to the central pit.
Occurrence. Gacko Basin (Vrbica, Gračanica). Sinj Basin (Lučane W Sinj), Drniš Basin (Miočić, Parčić) Diagnosis. Small egg-shaped to almost cylindrical shells with 4-7 whorls and obtuse apex. Aperture 30-40% of total height, thickened and everted, usually bearing 1 parietal, 1-2 palatal and 1 columellar tooth. Parietal and columellar tooth continue as lamellae on the columella. Umbilicus slit-like (compiled from Zilch 1959 Zilch -1960 Strauch 1977) .
Carychium sp. Figures 12A-B (1978, 1981 ) from a few species only, including M. aletici and M. scaphula. Each of these species is characterized by the presence of a transversal dorsal ridge at the proximal exterior shell surface, which is, however, not developed in this species. With exception of the relatively larger and posteriorly shifted apophysis, the available fragments are reminiscent of specimens from the Lower Miocene Freshwater Molasse (Kirchberg-Formation, S Germany), attributed to M. amygdaloides (Dunker, 1848) by Nuttall (1990) and Kowalke & Reichenbacher (2005) . However, these specimens differ notably from the type material of M. amygdaloides (Dunker 1848: pl. 21 Description. Elliptical, inequilateral, anteriorly elongated shell. Umbo narrow, elongated and suppressed; no pronounced beak. In lateral view, shell highly curved, nearly semilunar. Fine and regular growth lines covering surface. Hinge plate short and narrow with weak emarginations formed by lateral teeth. On right valve outer lateral teeth broad and low; inner ones pointy and more distinct. Cardinal tooth (C 3; dental nomenclature after Herrington 1962) forming sharp and simple crest with proximal thickening; it is inclined and slightly curved. Ligament pit short, narrow, lanceolate and well demarcated. On left valve lateral teeth both small but quite distinct, in lateral view forming pointy, triangular cusps. C 4 short and sharp, inclined and slightly angled, distally touching margin of hinge plate; in lateral view exposing M-like profile with two acute tips, one on each side. Lower cardinal tooth (C 2) straight and parallel to hinge plate; in lateral view forming rectangular, sharp crest; roughly same length as C 4.
Remarks. This taxon has not been described so far properly. Clessin in only provided a comparison with the extant P. fossarinum Clessin in Westerlund, 1873 (= P. casertanum . Despite similar shell shape this form differs in its strongly angled C 2 and C 3. Occurrence. Gacko Basin (Vrbica, Gračanica). Sinj Basin (Ruduša in Sinj, Trnovača), Drniš Basin (Miočić) .
Pisidium vukovici n. sp. Figures 14G-I
Type locality. Open-cast coal-mine "Gračanica" near Gacko, Minepit B. Type horizon. Unit A of the Section Gračanica in 
